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66 Intelligence and Miscellaneous Articles. 

ON THE VALUE OF POISSON'S COEFFICIENT FOR CAOUTCHOUC. 
BY E. H. &MAGAT. 

I t  is known that scientific men are far from being in agreement 
as to the numerical value to be given to what is known as Polsson's 
Coe~cient. According to the theories of Poisson, Navier, M. de Saint 
Yenant, and the experiments of Cagniard de Latour, and of M. 
Cornu, this coefficient should be equal to ~ ; according to Wertheim 
it is equal to v,1. from the researches of Cauchy, of Lured, and of 
Kirchhoff, all that can be affirmed is that it is between zero 
and ~ ; finally, according to MI~. Schneebeli and Okatow it varies 
not only from one body to another, but also with the same body 
according to its physical condition. The latter physicist had the 
idea of utilizing the great extensibility of caoutchouc to determine 
the coefficient in question by the well-known method ; and MI~. 
Naccari and Bellati have made analogous experiments by Regnault's 
method. 

I t  has been observed with justice that experiments made with 
caoutchouc are but little conclusive; they present great irregula- 
rities, due more especially to permanent deformations ; and, on the 
other hand, the body has but lit.tie homogeneity. I t  may be added 
that the very magnitude of the deformations has put it outside the 
theoretical conditions, which suppose the deformations to be very 
small. 

I propose to show that by following a totally different path we 
may arrive, in the case of caoutchouc, at conclusions which can only 
be invalidated by supposing errors of experiment quite out of pro- 
portion to those which can be really committed. 

In order to make these experiments, and others which are not 
concluded, I have had a piezometer made, in which, as in that of 
Regnault, the pressure may be transmitted in the interior or on 
the exterior at the same time or separately. The apparatw is, 
however, double; two spheres or two cylinders may be placed in 
it side by side, which are under precisely the same pressure and 
at the same temperature--conditions which are very favourable for 
rather delicate comparative experiments. This is not the case of 
the present experiments, which, as we shall see, do not claim great 
accuracy. 

I ca l l ,  Poisson's coefficient, K the coefficient of cubical compressi- 
bility, a the coefficient of elongation or the inverse of the coefficient 
of elasticity, and X and V the two constants. 

We have the ratios : - -  
k (1) °-a(x+~)' 

(2) K =  3a(1--2~), 
1 3k--2/~. 

('3) d = ~ X+~, 
:For two different bodies, 

K a(1--2~,)  
(4) K ' -  a ' ( 1 - 2 , ' ) "  
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Yntelligence and Miscellaneous Articles. 67 

I place in the different apparatus two spheres, one of caoutchouc 
and the other of bronze, which I assume are exactly identical, so 
as to simplify the reasoning; a few millimetres of pressure are 
sufficient to raise the water 300 divisions in the rod of the caout- 
chouc sphere; in the other the motion of the meniscus is barely 
perceptible, and it cannot be measured with accuracy. I t  follows 
from this that (referring to the formula, which gives in this case the 
variation of the internM volume), whatever may be in the case of 
bronze the value of a between zero and ~ (the accented letters refer 
to bronze), a is very great in reference to a'. 

I t  might be feared that in this case a considerable amount of the 
diminution of volume arises from a change of form; but this first 
operation might be replaced by a direct determination of a by 
means of traction; we obtain the same result. Tn one of my 

experiments a, was equal to 60,000 in round numbers. 
a 

That being so, let us compress internally and externally at the 
same time: according to the formula relative to this case, the 
changes of internal volume will be proportional to K and K ' ;  
K should therefore be very great in comparison with K',  the 
compressibility would even be relatively negligible, and the liquid 
should ascend in the stem of the caoutchouc sphere ; but nothing 
of this kind takes place: the water sinks whatever be the pressure, 
and gives the inevitable irregularities with caoutchouc. I t  would be 
difficult to say whether the variation of volume has been greater 
with this body or for bronze, so small is the mean difference ; hence 
a is comparable to a', and is perhaps even smaller. I t  evidently 
follows from this ~hat the ratio (4) can only be satisfied provided 

1 - 2 ~  • that 1---~-~d is very small, and therefore ~ very little different 

from ~. 
Assuming for a' the number ~, we have from the preceding 

- ~ ,  x ~ 0  ) • 

Whatever errors may be attributed to want of homogeneity, to 
small deformations, and to permanent deformations, even if the 
results found were double, or even tenfold, it may be said that 
would still be very little different from ~, and far higher for 
example than 0"499. 

We may, moreover, by means of general formulse and without 
comparing caoutchouc to another body, arrive at the same conclusion 
in different ways, which essentially amount to this : the coefficient 
of cubical compressibility is very small, as actual experiment shows; 
as moreover it is equal to 3a (1 -2a ) ,  and since a is very great, 
1 - -2a  must be very small, and therefore a very near ~. 

There is nothing contradictory in this result. I t  follows from 
that and from the ratio (1) that/~ is very saM1; and therefore 
from ratio (3) that a is very great: this is in fact the case. 

[But here a great difficulty presents itself. The various caout- 
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68 YnteUiyence and ~[isceUaneous Articles. 

choucs which I have examined have all led to the same result; it 
would certainly be the same with that which Wertheim used, and 
this physicist found, by measuring directly the diminution of cross 
section, ~ ~- ~. Since then I~IVI. Naccari and Bellati have shown, by 
Regnault's method, that for the same substance the value of ¢ may 
amount to 0"41 ; but this number satisfies the ratio (4) no better than 

l--2a 
that of Wertheim; assuming o-'=~ it would give 1 - 2 ~ ' -  0"36, 

a value quite out of proportion to that which should be found. 
As it is difficult to assume that Wertheim, and then MM. 

Naccari and Bellati, have made experimental errors as great as 
appears from the preceding,--as, on the other hand, there is no 
reason why caoutchouc supposed to be homogeneous, and submitted 
to small deformations, should not conform to general laws, it may 
be asked how far the formulae assumed are really the expression of 
these laws. I t  is not, then, superfluous to submit these formulae 
to the test of experiment, following in this the advice given by 
Regnault ; it is with this objec~ that I have had made the differ- 
ential apparatus mentioned above ; these researches are in course 
of execution.--Com2tes l~endus, July 21, 1884. 

ELEMENTARY PHYLLOTAXY. BY PLINY EARLE CHASE~ LL.D. ~ 
I have shownt that the "numerics" of the chemical elements 

can be better represented by various phyllotactic divisors than by 
Prout's law. Phyllotactic submultiples of the organic elements 
C, It ,  O, N give a mean residual ratio of "05654, while Prout's 
law gives "12007, the probable ratio of mere].~ accidental residual 
being "18394. This indicates comparative aggregate probabilities 
which are represented by the reciprocals of "05654 ~5, "1200765, and 
• 18394 GS, or by 1999 X 108°, 1098 X 109, and 1. 

In  the Philosophical Magazine for November 1884, Dr. Edmund 
J. Mills gives additional evidences of phyllotactie influence. He 
represents all the elementary numerics, except that of hydrogen, 
by the equation 

y =p15--15('9375)~. 
This introduces the first five numbers of the phyllotactic series 
1, 2, 3, 5, 8, being of the form 

5 x 3 [p - - (5  x 3 - -2  x 8)~]. 
The sum of the infinite series which is represented by 15 X 
(5 x 3 - -2  x S) x is the product of the first five phyllotac.tic numbers, 
l x 2 x 3 x 5 x 8 .  The series itself is of the f o r m ( n + n + l )  ~, thus 
representing cumulative harmonic rupturing tendencies, of the 
same kind as are shown in the inter-stellar influence upon plane- 
tary positions (Phil. Mug. September 1884, p. 197). 

Communicated by the Author. 
t Prec. Amer. Phil. Soc. xix. pp. 591-601; xx. p. 431, &c. 
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